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(57) Abstract: HDART binds to HDAC (histone deacetylase) and functions as a repressor. Also, HDART directly binds to Skip, 
which functions as a transcriptional coactivator of a nuclear receptor, to inhibit the transcription of the nuclear receptor. More- 
over, HDART can bind to HDAC, which is one of transcriptional corepressors of a nuclear receptor, to thereby strongly inhibit the 
transcription via histone deacetylation of HDAC. On the other hand, a dominant negative peptide of HDART is obtained and it is 
confirmed that this peptide activates transcription on the contrary to the full-length HDART protein. In particular, this peptide is 
superior to all-trans retinoic acid (ATRA) in the activity to activate transcription of retinoic acid receptor. 

(57) S&: HDARTli. HDAC (fc X h >K74z^MbBMfc) lCtt£ L U ^U^-fr-fc LT«torS. *fc. HDART 

So 2 bIC. HDARTliS^ U-b 3 »J^U^ ^-(7)1 OT'fcHK HDAC<h j££ LHDACtf) t X h >IS7 

4z^;Mblc«J:y?t*lc*Ei:*W«JL»S„ -S, HDARTOO K5 + > h**-r-< Kt,f»&*t. Cfl^^K 

U-iZ^^-^lE^/^tilb^liall-trans Retinoic Acid(ATRA)£ ±0 * L T l*tz 0 
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mmm 

fiat 

MlcS&jfiSg fc fj □ 7 £ ~^>n ij 7 > «, -tj— £ o*fcrtt*£ < ^ 

•fe y * - \z it t x h >MT±^Mmm ^tsnv^uy D—m&m*%<& l t 

©-^liLTttSkip (Skiffi£ffffl*>/1£f|, N-CoA62 £W£nTV>3) flt 
(Baudino, T. A., Kraichely, D. M. , Jefcoat, S. C, Jr., Winchester, S. 
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K., Partridge, N. C. , and MacDonald, P. N. (1998) J Biol Chem 273(26), 
16434-4L MacDonald, P. N. , Baudino, T. A., Tokumaru, H. , Dowd, D. R. , 
and Zhang, C. (2001) Steroids 66(3-5), 171-6.) . 

5 mmmTss 

±m vtz. j; 5 \z. mm u-t - zir l td&g-oun * ts nXA oumm 6 

10 *KfiWt&& ya^ya^txocrn (crooked neck) Ifi^Okh** 

a £A*x crnJft^Sflctt, E«©^^PgT«^:©^U^;i/fc^§ite?- 
T*rj, £©3tfc^©TOttfcK, EJ&£©KR&£r>#jg£U £K#«©fg 
15 »l£l?£;&£Tc:£;oWr£tlW£ (Zhang. K., Smouse, D. , and 

Perrimon, N. (1991) Genes Dev 5 (6) , 1080-91) „ cm ^>A^M© 1 0©3£ 
£Mc#ft#tt£*lfcT- h 5 h U U^zf^- (TPR) © 1 6 © 

20 i-^>^oirx<i:LT«, mm^^mm, m^mm. xhi/m 

MmU. &&&?>wn®Mtf'£%.n2> (Lamb, J. R , Tugendreich. 
S.. and Hieter, P. (1995) Trends Biochem Sci 20 (7), 257-9) . 

±IB crn itfe^©t htftn^fctt, n h'-ifcd&t^T 1 5 <hg&5#±iE>' 
a^yaW crn fcfc? tmM\Z&%;<D TPR ^#£ET-5„ *BB8W# 6*** □ 
25 -->^Ufct h crnJt^J3Kfc*#S*lT^ateaSEte:HaiUfc(E^«IM(A 
&'&\zfmr%5>>W». (XAB2) fen-FLfc*^ (Yoshimichi £>> 
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Joimal. Biol. Chem. 275:34931-34937) t-^§c?2>bQr?&Zifi % *mSBR% 

?mmz, HDAC (t^h>K7W;Wb«*) \Z&GVV7UyD—tLT®m 
tZZtifib* *M»T*te rHDART (a HDAC associated repressor TPR) J ^ 

>/wntmrz> B sfe, «^Bj#e»«, hdart^, ±atufc*rtnr^- 

(Dfc^72^-?-£LTmm-?Z> Skip fc*««r£U ^ftHzX*-© 
S?5»Jt5ItfclffilL $61C, HDARTdSR«Hz^-©te^3U^ 
UyU-OlotftO, HDAC t^LHDAC©tXh>jgJT-k^;Hbte<tD^ 
fct^*8«l,#*££%>||&)Wcl,fc. HDART©K*:f->h*#7^X 

t>a^Lfco ffcfc>"£> #«5fi«fck HDART©39rfcfc^bfca>*©*|ffifca6^ 

(1) *36Wttte^«l«!lH : ?*n-r J bfeDNAT?*oT, (A) E^2i: 
E«©75yRE^srr*^>/^K*n-HbfcDNA, Sfctt, (B) MM 

1 £IBft©:iU£S7!l** & DNA T&3„ 

(2) *56WKte^Wffi!IH : ?*3-r J UfeDNAT*oT» (A) E3W^2fc 
« (B) IB»-^lfl|B«©^BB^SJ5:^DNA tXhU>S?x>h^ffT 

t/w y «j *y xt * dna t& *. 

(3) #fgBJte±f3 (l) (2) fcia«©DNAfc«fcOii-HSnfcl59 

(3) fHfcW^fflKHB^T&S. 

( 5 ) *589JfcMg¥£i£tt{bLft*'W H H L& DNA ^^T> 
(A) W^2(i*lt§l^?. 179fe©7$y$ffl?iJ^6&3^7°^F£zi- 
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F Ltz DNA, &tcU (B) BB#I#-S| 1 \Z&ft% 1 £> 537 &K£T©£&Sie» 
e>ft£DNAT&3o 

( 6 ) #3§9JKM6¥ftfiH£fb W#3^7°5P K ft 3 - K L fc DNA o T, 

(A) SB^!i##2tcfetj-§i^s mtiL<D7s.;®mmz&^Ti%v<\$m%. 

^7°^ K ft □ - H hit DNA, (B) @2?iJ#-5f 1 fcfe It* 1 * 6 537 

^-e©mSlB» DNA £7 h 'J >i?x > hfc&fTFT/W 7*U ^ XT* 
DNAT&3. 

(7) *56Mtt±IB (5) (6) iE«fe©DNAfc£?)3-F$nfcte¥JS 
10 ttlb^KT'jfe^, 

(8) #^BjkLtfE (1) , (2) . (5) (6) ©^Tn^lCfB^© 
DNA©5£, 4>&<<ht>l 5^^1/T^Ffift^T^DNAT^So 

o) «h^«±ib (i) , (2) , (5) (6) ©^rn^ctB*© 

DNA *«}f A$nfc^^^-T?*S. 
15 (10) #|PJkU:f3 (1) , (2) , (5) (6) ©ViTtl^fcfift 

©DNA£fcte±IB (9) fc|B«©^^^-ft«i#T*?&=fe»lfiIT»*. 

(11) #5S9m±SB (3) £IB«©B ; 3 : -££«±SB (7) KE«©^^H 

(12) #58WfcLkBB (1) , (2) , (5) (6) ©WTttfrfcJB* 
20 ©DNA£/Vf 71WXU <!>ft<£t> 10^^l^T^HfiftWT-5, *U37 

d3) ^sewfcmr© (A) ~ (d) <D^?tifrtfm%.isnrzmmrfc2>. 

(A) ±15 (12) Cfaife©T U 37 7 F 7o -7 

(B) ±IB (3) (4) {Cfg«©fe¥WH^ fclXfcHRH^©^'* 
25 7°5P H 

(0 ±E (7) t>L<«i^7^F©S&#^7 0 
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(D) ±IB (11) \ztm<D$ifc 

^tbm^zmmzmw-rz :hat ^T.vyr^^h^yy.y ^y-^tc\t 

5 tXh>7t?«») > HDAC (k^h^tf^-^fctttXh^ 
-fe^WfcB*) > DAPI (4' , 6-^75^;2-7iZJH>MW > RAR 

, GR (^ajkfn-f > DBD (DNA 

*§£F*'T» , AD > ATRA (all-trans Ret inoic Acid:£h 

Z>o *5§B^©fe^P01H^^^fn«HDARTT^O, HDART (D75./ WLW&Fl it, 

m&mn 2 & h & z> „ m u *wmmM-nmm^\m&mn 2 \z%m.<o hdart 
tzT$;m.mm%ii?z>?>wn* zzizu, hdart £ □ •— f dna (mm 

#-^1) <hX hU>^x>h75:^T7\'f yu^-rXT^DNAtcJ;03-H$n 
±IB HDART *>A°£®&, bh«0^T^LTV^^i:^^, khll 

20 m£K>mz>z\t&T'Zz> a z.(DWMt?iz>\i hmm\t, ^psjm&v^, -m 

*m\itl\Z HDART £ ftftlft \Z$m IT^ £ £ £ « 6 § 293 IfflKffl V> S 

£fc, 75/mg^#^^-rSHDART|g{e(^>A^M©PM«, ^J^.«, 4MB 
©S#T-a5§77-v^-r^^U-X^U-->^W (Molecular Cloning 
25 3 rd Ed, Chapter 2, pp. 2.1-2.117) ^tfU*?— fcrSSSSfS (PCR : Molecular 
Cloning 3 rd Ed, Chapter 8. pp. 8.1-8.126) &flf£fUffl LT«-T& d 
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#>wmt, a*, part t7^jmmn\z^x^t^uv-^-t s 0 

£ 6 Kff £ L 97 (0OAfcf» 98/^99%) ©itXIB^iJ©- 

10 J5tltfIt»§^t^Tf§o -#iJ£LT&, 25%*;i-AT5 H\ J; 

V^#T&50%*;i/A75 K, 4XSSC, 50mM Hepes pH7. 0, 10Xx>A;i/hi§ 
ifc 20Mg/ml«^iW? DNA^trA^^U^-li-v3>^'t', 42^^ 
-l&:/lWW:/y^if~>3>£ffofc^ ^bfe7 0 o-^^ijpL, 42"C 

15 ^(D&<Dmmz&v&ffi&m&&tfum&mz. ixssc. o. is; sds, 37^©^!?, 

cfcD^LV^fr^UTtt, 0. 5xSSC, 0. 1% SDS, 42"Cig^l:\ £e>{rjtbtA£ff 
Tii, 0. 2xSSC, 0. 1% SDS> 65"CgKTllJSf Z>Z\ttfT-ZZ> 0 SSC. SDS 

20 SB^I©^ BLASTn m.WtU^)V) BLASTx (75 7^1/^1/) © 

:/D^A(Altschul et al. J. Mol. Biol. 215:403-410, 1990) £*Uffl bT&^ 
TZ>Z\ttfT:ZZ>. minify Ait. Karlin and Altschul \z&&7 )V3VXJ± 
BLAST (Proc. Natl. Acad. Sei. 0SA 87:2264-2268, 1990, Proc. Natl. Acad. 
Sei. USA 90:5873-5877, 1993) !:S^it^5„ BLASTN \z X oTMS^J^i 

25 «rt§^^l:tt, A^/-^-«MA« score = 100, wordlength = 12 <hT&„ 
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score = 50; wordlength = 3 ifS. Gapped BLAST TW^Aftffl^ 
T> 7$yKi3^J*#*rT*«£fci:, Altschul6 (Nucleic. Acids. 
Res. 25:3389-3402, 1997) fcBB*SnTV^«t5(c:fT5J:tj&«T#*. BLASTS 
Gapped BLAST ^D^yASIiHS^tli, *^o^A0^7*;Ph/^pl 

(http://www. ncbi. nlm. nib, gov. ) . 

te£T$JW<D lXKi*Tr**i:#A&n*#, C?MM«*ttLftftlUH 
10 I^T^n^±IBMIf!l^^AT75yaiB3M$g^LTt>«fcVi 0 £©A;Hl$ 
fc75yaSM***r*#tttt. &ft©^m?&<5 deletion-mutant 

f£g£#j£, PCR&, site-directed mutagenesis fttlij; BUfrf 5££a*T£ 

-his hdart *tz\*zn\zmu\stc$>n>7mz, ±&hitm*)ii&mtm&*: 

^fnTfeJ;^ HDART ©te^«Itt|Br4gft»T**j:i:^6, *^bj© 
20 K^»«H ; fr4^ftTffiliT*g¥*ai«$-&#s. fiU £©*§-&, HDART tt 

^ItlTffll^i^UK HDART ttHDAC tjg^m^L, HDART « 

HDAC ft U h 1/TtT, h >«7*3\>WfciSttfc «fc 0 !!:*) £«9£MMl* 
§ 0 -t©fc«), *^bj©^¥M@^«, HDAC£*Kffl^T> &3V>teHDAC£ 

I (HDAC 1. HDAC 2, HDAC3) <h 7' 1 1 (HDAC4, HDAC 5, HDAC6, HDAC7, HDAC8)## 
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frTZZtifitobtlT^Z. #M© HDART & HDAC2, HDAC5, HDAC7. HDAC8% 
ttg&rZ'hOt^Z.ZnzZtfrb, *&m\Z&teT\-3» HDAC2, HDAC5> 
HMC7> WhCZ%&mtZ.Vim'tZZ.tifi'e£2>i!fis Jin^OHDAC t4*K:|R3£$n 

5 

HDARTTOF*gHry^-©^^J5$iJb#-5e:<h^e., 

20 *^§BJ«±IB^»JH^$n-HbfeDNA(c:Wr^>. DNA tLTH 011 
AfcfiE#l#^ 1 KfEicCD&ggeW DNA <5 d <hj&*T#3#, Ztllz 

25 □ - F Lfc DNA. &&Xfmmf& 1 t|2«©^Si2^J^ b DNA tXh U >S> 
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±ib dna e&** i \zmm.<D dna *fc»*©-«£7n-:/S:&tt:/9-f 

tz&oiz, t hfUMcD/hMJSl) OcDMA9-f^U-a^*>5;W^U^«f-e 
-y 3 >Jfc^^7-tIM (PCR) KlJ:t)#S^i:3&«T#§. ffi©^ 
5 &«hLTte> t h»© iRNA £«PS!fc/Bl^ i5^J#-^ 1 fcfEite© DNA <JD-g&£ 
T^-C^-tbTRT-PCR (Molecular Cloning 3 rd Ed, Chapter 8, Protocol 8, 
pp. 8.46-8.53) \Z£Q%Z>Z\t'bT?%2>o Z\ZX\t, \ihm&£Wfc& 

10 ±|B DNA & £ o - " > y*T S^ffia^K fe > DNA &f&M\z X 0 I2«^- 1 \zB 

±m dna te^mmm^&n- f lt^s c ^ cotewiWB^s^yi 
lx. ^rc^mm^mi^mzmxvx^mmm^mm^^^y 

-)V£Vxm^Z>Z\ttfX^Z> a Z\(D£o?3:BMxm*Z>i8i&\zU, ±f3DNA£ 

15 mm^^-uiiizm^tsztam^v^o %m^^-\t, ^>/^i4i 

±ia dna ^ffl&sn*:^ v^T^iifl^jig^ z*km?z>tztb\z\t. % 

m±nMftX'te±mfc^fflmm?ft£.mt£nz> 0 z zx^^-^mm\zmxt 
20 %^m\x ft^zmmz&cxm'gMvi-t-zz.ttfx^Zo m^t, v-oix^ 

mu^mu^m^zt^x^^o m^mmz^x^m^ntz^y^mt. 
>&m\zfovx. mm wz.\*. r^-^-itM&a ^n^tz±xmmt & 

25 £t7^T#5o 
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^BjODfe^WlfiJSTW^Tfe^WJmtt^^ifbtt^o fiU HDART 
mm®(D DNA £li!r&b#S DNA &&M®t<Dm&? >n$%t bTfi3I£-ti3 £ 

10 #fPJ3© DNA f-n- H^nfc^MJa^^Sl^^-t^-©^^ 

^fflffl^tl-hbT, *DNA»^^nfe^^^-^JSfflbTt)J;^o £5b 

^ - 75: e <d <y -i ) v 7s ^ 9 $ - u e tmw e> n 3 0 

%MtZ>o HDART «iST^tlil fe«0J@^i bT^fg-r^^, HDART <D H 
j-yb^tf^J^-f^FZM^T&t, N*M>40<Z)TPR (KT» TN4TPRJ 

179 ^©75 jwMm-frt)^'?^ f^w^c <t^x#3#> z\nizm^n-f 
25 {c43^Ti^b<Mico75ym^s^ ^ ^A&£tf/££kittira£n 
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±WS F 5 J-> h*#5V 7^7*5P KOWSfct IB^iJ#^ 1 (D 5 % 1 6 537 * 
•P©«aEfi593ft» DNA F S £ <t \z «fc 0 W»f s c 

±tig&mm<t>5%l&e> 537 ^TOtlSiB^iJlc^S (Mil, 
5 #A43«fctf/*&atfJn) fcin^ri K DNA ^fc^T^ F£j£T3 C 

10 $-B-Sfc86fcfflVJ«c:^T?#* 0 ZL<D#ftU±79-£LT. fffcfctt. Skip 

**T€ra. sfc, *^BJ^7°^F^^tt^M#-5^fflT-i/^y<>xV-fe 
7^- 7>Fny>Hr7°*- ^n-r F*;i^>1/1t7*-££cd#;i^> 

-hfB N4TPR £££ l^/^f >lkt^-0g?gilllt ATRA \Z 

20 « % ejflL«K^fcbBf«BJfi*(Okuno. M. et al., (2002) Front Biosci 7. 204- 
18), mm& (Zhang D. et al., (2000) J Cell Physiol 185 (1), 1-20), mm 
«(Schiutzler C. and Kohrle J. (2000) Thyroid 10 (5). 393-406), &jffffi 
(NilesR. M. (2000) Nutrition 16(11-12), 1084-9), It® (Riecken E. 0. and 
Rosewicz S. (1999) 10 Suppl 4, 197-200) *TJ&*fc«/83nfcJ&T*»K H 

25 <D ATRA ICft^TXte ATRA £fc£€T, *^7°^ K*/BH* 

±IBe^mbB^WT§^7^F^3-FLfeDNAlrM-r-5„ £ 
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T<Dt&gMmfr $<D DNA £ ^n^lS^^n^ 

<, n^^itm^-r^mr, ie?u#-5t 2 i^e> i79&©7$/^ 
$n^T5 ymiB^i^wr^^y^ F£n- FLfc dna, ^/c«13^j#^ 1 

tt* 1 ^ £> 537 £££T©:!figE#l7&> DNA fcX h U >vx> F&^TT 

/w ■/ u y-r x-r-s dna z t^i?#^„ 

±IBfe^M^y^ F£3- F Ltz DNA tt, ±)Zgbfcfe^W$iJST^n- F 

DNA^«fc«kD^bSISlbT%>«kVi. 
±lEDNAtt, ±B««Sttft^^H*^a-r*&», SfcfcJu 
fcft \zm A b T±fBte^ffittft^ 77- F *^gS $ it 5 B WTffl V>5 £ £ #7? t § . 

15 itj&*M$LVi. z.o)m&(Dm%iH7 $>-n, ^y^F^^-r-s^^©^- 

»lR^fc«fcoT3i:ta&TS ISIR^te, in vitro, in 

r/roflVvrtrefe.fcK 7/7 ±IB DNA «^jA£nfc^§5K 

^^-^WtC^Ab, Wfi*»«'r*Jltfc«kO, MftT±fB$fc¥MHfc^ 

20 ±13 dna ^mm^fc\m^m\zmxLx±M^^-mmt^y°^ Ksssss-e-a 

^fe#ic:#A^-ttT^W«^$-frT : bj:<, 563l^*-fc«L*2^ 
T«#{Ii»AbT ! fe<kVio 
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DNA &mWTZ1tit><D*>?9--\zm&&fr&m-tz z. L^„ c 5 b&te 

& DNA \ZM <T%Z.t\Z&y) ±tm^mmt^ 7? H £ □ - h* bfc DNA KM L 
#§0 JinWfcfe. ±i2^*5^IH^^n- H L-fc DNA *fcKMB^J£tt<fc^:7 
^ F * n - F Ltc DNA te£ 6 lzM^-U7 7>7*>VtLTh, A-f ^ U *V if 

©IStt^iT^^, 01*. tf, 15 

£uv>„ *%mt* *^bj©dna (mx\t, wzm^wztmowkm) t/\<i 

Will ^aUfc^U^^WFiim i&Wt HcfB 
15 «©«ffiEW&^*DHAafctt*©ffi»«t»SWK:A'f^U^Xr-Bt > © 

-ya>l:^^T, tt©^>A^K*3-Hi--5DNA t^DXM y«J ^ if- 
fcJBT#£n- K bfe DNA ©^ >^fcspjfflf * d<h^T#-5. 

K*Mfc«i;T7P-f > h7yaA*> h#£il£U fflfll©^fc«k 0 £1**, 

±T^^»#j©^jfa^5jfiit»^iiiiR*r-g> c tiz& vmm-rzz. - 
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ffSl^Itli^^TB, £f\ ttK^Hl (lOlBl) #£#389!© DNA (MX\& 

15 dna tA-r 7v?<ixtzx9 H^n-yj&tia«s.nfca&R*ffl*-r<&. 

KDNA £««£jgM£i±So SStS^n^^Wh' 
^□-^iCA-f 7*U ^ XLfc DNA ^^/Ut-^ £ tic £ D> #Sgg§© DNA ©3S3I- 

20 © dna ttt4©w*to*, ^M&zmtiHD^m-vftjziitf-e&z. mwkumvm 
moft&v^-mmz&^Tiz. mm* zmmLtcm&fc dna stilts n t 

DNA td/N-T 7*U ?4 Xf S ^7-f7-$ffl UT. DNA <h Lfe PCR « 

»C«fc-3T*58WODNA*H«-r*i:i:t)iiTiBT?**. P«UfcDNAK**fc«> & 
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FSHJfet* £ t3ftrRrt6T?*ntf»lC«|Rtt&Vi*t, -«£ DNA 7 W 

5 -mz dnatw&> a^gfcsm(cyj>h$nfeM = pfe©^^i/^HT 

*fi6StiTV»*. MS^tie>© DNA (non- porous) OSSoSEit^ 

u>h$ns. mL<omm\t, mwst (porous) ok, 

*58Wfc*ViT, S^l^^FOHfc (7K) ^fetbT, Affymetrixtt 

H©7HC*^T, ^U^^W^Kteffla^tK^iUn situ)!? 
^/*$ns. photolithographic©^ (Affymetrixft) , *«tlWb^fe 

^W£SI££-tr3fc#>©-f >?i?xji MRosetta Inpharmatics &)t£flM?fcJ: 
S^- U zf^ * l/*^ K©-f >+k ^a^^wica^nt^ D , V>"f ti©&fl5 

gfcfcHjrr** £ K^n-^tt, «BJ© DNA fc&tHTS £ £#T?€T 
*fc®T?»ntf, ftfcf&IIKSnfc^. gp-^^yn-^ #y*j£, Bai#*ifc 
fBft©DNA t#^H;W^U^-rXT^>J;5^yo-^Tib-5„ •ttSttfcA'f 

x^Mi-e^na, 5^1/^ F7°n-:/&, ^^©dna^u ^ 

U*^h*£0jrf5*£tt» ®# 10-100 ^-XT'&9, £?i;L<te 10-50^ 
-XT&D, £££$?£U<fci 15-25 
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fo&zmvmmmiz «t ommh ? -mmz%m%\zm$u<Di5mz&v)ft 

DNA7Wfc£Wrfc3u \ t % : ?X\zmfeLt£WkZ7u-7t^ 
K -%mWi$Oy^)VLtcWk$:#-lfyhtUD 0 tot, MKH££n 

fc±iB^^k^F^, ^mmmiz^x^^u^^y'u^tfimr^o * 

10 3„ ±|B^ibT«, DNA7W& (SNPjte«S©W> MSI 

4>aj«JS. P128-135. Nature Genetics (1999) 22: 164-167) mtm 

hdac mm<t&®<Dzt7 u -->^k:M-rs e £^-e« 0 ioi#»ttt, 

#3891© HDART * >/^R£Hffl£iSfc:H}rrs £ t K «k 0 , -^OlCi^ 0 
HDAC H£}&*T!f 4. £©Bffl3gMfca*©fc-&&£i|g£$-e\ 

25 HDAC?Stt*tta*r*^iK:«fcD, HDAC £ * £ U > S £ £ # 
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±ibx£ u-~>^K:j;oT®#sti5 hdac mmit^m<Dmthx\t. m<o 

5 

(EAM)£»U Ra»«flKTOFHIS)*«lc^t*c:tK:«fcD, Xtfy 

tt;t©DNA, t>U<tt^y^H©S«^<Z>a)£tt» *33S£gffc:feV>TWu 

15 

HDART & TPR (Tetra trico peptide repeat) *>/t£ftr?*!K 

o*ifcfe«fctfl»©ae : ?i©Hffs*-r. hdart -^mm^mtm^^h. 

TPR, Skip ffiS^ffl^^cfc^ CRN ♦Bl^tt^^LTVJS. 

20 EI 2 t h HDART <hfc h CRN £©Rg© CRN ffi^ttffi«©it«**-rBT?*-5. 

B3tt. HDART/CRN^>/1^g^©*»E»&*-rB-e*S. £©^»te, 
GENETYX41AC:7°n^A£/B^T#tfgL£ (V7h^i7M») . 

B4tt, ^*^fc«rtft HDART t^Skip tfflSf^ffl*^BaEtfc*j!WfH«kO 

25 (A) ft* HDART £9Wk Skip fcOffiSf&Bftfltffrl'fciS***?-. U->ltt 
GFP-HDART ©#-, l/->4 fct Flag-Skip ©2k £fctel/->2, 3 «^©M^ 
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HDART £&frr 3 293 JHJfitc Flag-Skip (U->1) SfcttFlag-;^7x^ 
-if (l/->2) »Jftttttitt*triFlagft#:T*!aEtfcl*31i-fc. ft*> 

io . ^^-s^xbwfeVi3>HP— ;vsaftt>afeff^*fc (w->3) . «^ 

Tf©HDART^>7l^R©5fiStt« (±SR/Wtt , ^WLfcFlag 

, ^^c^hdart ct*/wm s/wpe rwBj thx^-rm^m^fc 

msn, skip, m)mm#>wM±<Dffimmm®<Dmj£®i%:&7j<-t a 
15 (a) skip±©HDARTis^iB«a5tt©vytr>^. y^x (+) 

(B) HDART±©Skip^^©T^tf>^ 0 fB^«±^<h|W!#TS^o 

20 B6«, gei*3#;wE> ( >8S&a^33JW 1 3'f H) ictste^ 

HDART #«JfHT*;i£*?K-f ^77T?»S. 

(A) HDART l^^y-f >KTffi#{b$tifc^¥©i8mft#«I«tflEi(e*&^ 
To >J #> H ©^FftTT'^^^ ^ — (1.0 /zg) £$AUfcl»©CATJ£tt££* 
£LT> ISiE$nfeCAT«14^tobfeo 3 0©R***¥^*«fc^ X^-/\* 

25 — tt S. D. £^T. 

(B) HDART \zX^>tf)Vnn)V^u-i Kftj4fb*gttfcfe¥©*&ft#«fc:MlJE 
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ittJ&UtWfcfctf* DAPI S&fiat***"*-. 

(B) ^«4«©HDMT©^ft{bo Hela«£ GFP-HDART 315!^^*- (£ 
±) SfcttGFP (£T) S*A«0GFPt±*a*3e3tft«9Ebfc 

tefc, fe*^Hoechest3 3 3 42»ft*ffiVi**ttJfcftU&i|f* (£±) ^ 

r. 

(A) Gal4U^-^- OW^x^-i?) ^7X5 K£#*rt5 NIH3T3 HBIlBfc 
&&3fi<DGal4 DBD-HDART^7°^X5 F (0, 0.1, 0. 3, 0. 5 W g) £ 

fci©j^7i7-fjgtt$Si|i (100%) thx. miE®fr)Vi/y^-VW 

(B) 0-20SjBtt*fflVi&«f*S^-r. 

H 9 ft, HDART £ HDAC t©*»»ft«S^fflft*-r«T**. 

(A) HDART t HDAC t®W, 293 HBlSfc GFP-HDART fg3K# Flag- 
HDACs ( (U->1 ; HDACK ^->3 ; HDAC3. l/->4 ; HDAC4, 
U->5 ;HDAC6) t*3h?>77x^5/ 3 >l/m ft FLAG tt#T*fttt* 
£cktf3^£ftfcft# (ftFlagft#g:fcfciftGFPftft:) (aOM^o^r^ 

«GFP-eART©^^A$nfe1t>7 0 ^T*§ 0 ±UA*M*&&tm 
m<D^ryy)V^m^T GFP-HDART ^>^^K©»g8*fltBLfcte**3Sf . 

(B) HDART i:HDAC3i©tt»«rtB5^*^rtt*T»«. 

0 1 0 tt, HDART © ajf&lfcj; 2 ffi© HDAC (hUnx^>A, h 
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BHH HDART ON*«k:*^«4"3CD TPR (N4TPR) <D h*#7V 

(A) N4TPR lc<fc£ |*J Htt HDART £ Skip tffiSffrBOlfi^. Flag-Skip £ GFP 
5 (W- >1) GFP-N4TPR (U->2) 7>X7i^>a >£ftfc 

293 M®fflil&fflffltt&£i Flag COtt»j£«* SDS— PAGE 

(±S) , l*l@ttHDART &<fctf N4TPR (TS) &^T„ ftftttPWt© 

HDART * >;i^7 H «g± ©— o (DA *MZm £ m ^ £ . 

10 (b) U9v-r >mu^7°?-\zmm\stcm^*mm\z£-z>Tmm\:irz>z.t 
inn MM-i-iQ-pm^-ewi/^y-r^mic^^^b^^ hdart a*ia# 

15 ~?%Z\t$:^-?m&&mMT&2>o HDART f63S^^^-*fctt^^^-** 
Ab^MM-l-19-Pm^ATRA (2uM) #ffiT, ##&TT?©$Mb&§££fi¥*r t 

3h7>X7i^ya>bL GFPlCcfc^MS^^^WTO^mtJ; 
Q^Vtc^M (A, B, C, D) , feJ;rmffiiitiT«bfcfI (E, 
20 F) Sr^T, 

(A) ATRA (-) fr-DQ^P#-mAD->Zf)l, (B) ATRA (+) 1$*0&*>?9 
-MXVy-Jfr, (C) ATRA (-) ■fr-oWmfm*V>9-. (D) ATRA (+) 
AO HDART (E) (C) t^-ff©WBf?I> (F) (D) 

25 M£S?:bU efi^ffAy HH^HbSnfcifitSfct. (G) ^7 7H, 
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5®IS«& ¥JS35«ktf S.D. (X7-A-) tbT^$tlTV45 (Mock £ J; 
t^ATRA (+) T-©HDART©F B 1TP<1%, Xfa-7>f©trXH „ 

[*tt«l] k Mfl)ART©^n-->^ 

BLAST x- * * ^ffl^ty3^^3 ^/tx era 3t€r?0 1 h D 
fgbfctJia, I$fli<D/jN& mRNA ft* t b EST (expressed sequence tag)^n— 

>w52930 ©^£fcK^£&K:ftV>illH£b&. 5' -RACE (5' -rapid 

amplification of cDNA ends strategy) fc<kD, cDNA 
2660 ffiK^&fcO, -OOfiV^^^riiATU^^t^^bfco 

15 *) tJS^bU^UylJ— ^UTM-T^il^^e., I"HDART (a HDAC 
associated lepressor TPR) J 9>n9%tM~$%. HDART it 855 75 J 

-^x^tcMmz^m^ntzm^y^m^h^ mi) . dnaiefu^ e»ti5££ 

n* HDART ^>/1*»«, k h CRN^>^^KtW&^fc|g<HbT^-5^t^ 
$tlTt^„ «MC, HDART*>/^S©2 6 2g§S^6 7 7 9 
20 HDART fcfc h CRN ^>/^K<hTi§5^ «#£nW3 (01, 2) . W©S 

^ilt^lfc (03) . 

[»#J2] HDART tlS¥xi7^^-^-SkLp iOlgfi5&ffl5^ 
25 HDART ±C#ftf*Vi< O^O TPR SS^fc^fgU £ ft S TPR £:frl/r HDART 
iffiSf^ffl b#£* >A£fl##£T5^£fl¥#TT5 21 <h £ bfeo 
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H©HDART tt&&T&*>MK®W&<!>l£ti>K-* HSy-ZWT'U «/ h^T. 
xA^fflV^Co JMfcWJcWu BPS MATCHMAKER ^-A-f^U y FffitfMry h 

(Clontech) £J3V>T^£JSb7Co pAS-1^^- (Clontech) F»9T?Gal4 DNAJg 
-&H^-T>i:^#^ti J &§J:-5HHDARTO0RF^fi^#Abfc„ £©bait 
5 plasmidte, HeLa cDNA (Clontech) W^o-->^$tlfe 

pACT2 prey plasmid t#\z, U-y*OT^f-fe;H:;Ptf^x {Saccharoayces 
cerevisiae) Y190 KU&JMK&Lfc. I^7^5 F#iA$n&^ n->©7^ 

10 >*9ffi\s1z&$k. — 313: Skip fcHRbTV»fc. 

*?LSjtJlffljeftT(D HDART i: Skip t0fflS^5MMl:J;Diib 
&. £©fllB©fc«>fc, 3fc?\ Flag-Skip M&9>M1*&3&L'tZ> Flag-Skip 
3g£^* *-*5«ktf GFP-HDART >W?&*$ffitZ> GFP-HDART mi^f $ 
-t (0 4 A) £HEK293i8BJ3&fcEffectene*y h (QIAGEN) 5ffl^Th7>X7 

15 x^>3 >bfc„ W^ibT, Flag-Skip 3§3K^-©^ GFP- 

HDART *-<D&*mmmz. m&wv h7>x7i^->3 

-fe?S«t/K*^x;U (Sigma #p 8 3 4 0) 1 0 0 n 1 ttfrtZ NonidetP-40 
if«i£ (5 OmM hUXHCl (pH7. 6) , 1 5 OmM NaCK 5mM EDTA, 0. 
20 5 % Nonidet P-4(h 1 mM PMSF) +T?Mfc»#**"*c: t\Z&-oT, WNMAB*! 
(lmg) ^ilbfc. c©iffl«§^>;^RA/Gt77n-^k , -X4 0tfl 

fl!fSbfc±«f«ia«J« 1 UtTO Flag^ftS;fckmttMfiS©^«7X IgGifi 
ft (2 jLtg) ^fw'f >*^- h U ^©&, 4 0 Ml ©^>/^«A/G-te:7 
25 7P-Xlf-X*fflViT3 0»MtfcKS-&fc. ftmtfc&W* 4 HI Nonidet P-40 
g»iTCife&Lfc. m&htc5>>Wmtt SDS n-xw >^y7 7ttA/G 
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•fe77P-Xbf-X^6»tHS*, &WM&SDS-PAGETJ1KL&. Jgm ^ 

7*n>7 hm<D$ifctVT\t. tn, FLAG ifrffcM 2 (Sigma) ^cfc^GFP^y^a- 
tJWn->iE4 (MBL) £fflV>7c. 

Flag SftfcJ; D GFP-HDART * >/^S*J&* Flag-Skip >/^St*CM 
Wbfe (U->2) . FLAG-Skip*^UTV^V^#T«, KFLAGfcxftK 
ctD GFP-HDART 0tt»tt*6tl1" (1/->1) , fttt#l»©ffitt£fflV>fc 
*^t»ra«l:ltJ!lttfi»$n^ofc (l/->3) „ HDART t Skip 

£6f£> HDART tW^iAl 7c Skip &©«HflMi£#*rU&. 293 
« (HDART ^%iiLTV^«) Flag-Skip 5BS^^^-, £7cte Flag 

£fct Flag gtfri-f >*^~ b VftmmZft ofeo &&&£#£fcteft&j5fc 
»M©Mfi»ffl«£SDS4>A(BT?SBBU ^>7V>t^Ufco £©|wj-©* 
>^U>*ttPART ^&£fc^Flag^#:££^T&^7*Dyx^ >^£H 

ffl^^Ja HDART R#tM^D»; *ife/WH3iitFlag^#:£ffl 

04Bk:^3tiTlr5« < k5k:> Flag-Skip #3^bW*fc#fc:fcV>T©*, 
Flag K^T* HDART ^JtRb (04B, U~>1) , Flag-Luc $>Wg.tf 
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© 293 *n->-m (l/->3) > HDART©*««m -btlft/^fc, 

KM 3] HDART £ Skip t(D®i&m® 
HDART ^©ffia^fflKP-rf S Skip±©M^^T^t:>^T^fe*^, Skip 
5 (N-*M^ (□ H> 1-220) , mftt^l^ymGm®, (NHR bindng* □ H> 
221-388) . h7>X7^f-f^-y3>It (TA, n H> 438-536) ) ±© 

Gal4 DBD— HDART £ffl^fcg|Sy-;W:7*U y F^tfrKcfc 0 HDART <t3Sga Skip 
t<D®Z.fc%ZB$Thf£o »tf^^@5At^To 0 5A<D^^$nfc 
10 r+j ft-fi^Z bv^-if«tt©7^;^-U 7 h$P#r£i:D*BSf£ 

0 5AK^-f £5fC, -0<2g&3^75$HDART i©»ffll:S4t§:i 
£f§J,Lfco ^tl6M««, -^^97-119^SrtTrfeD, h o —D\t 220-437 
15 glXft-e&ofco Skip ©h7>X7^f^-y3>M« HDART t^^fS 
&<!^ai^L&V>££7^2nfco l?0^<£>7:/n-^£ HDART ±T0D 
Skip t<Z)ffiS^ffltPW^«^«Tl-^/c«e)^^Mbfeo T&fc>l3, Gal4 
DBD-HDART ©$S^t^MI#:^IU, Cin£ Gal4AD-Skip tftm 

20 O0TPR^tTN*^« (1-179M) «Skip 

Sui^^tlfc (0 5B) 0 LfciibT, HDART«N*^0 4O0TPR«^^ 
^UT Skip MfflSffffltS. 

[H^J4] HDART KetS^ftl/iz^-K^SLfciifcT <Dfc^W® 
25 ±fBHMW;:&^T HDART # Skip £ffiEfPfflU#S£i#*3 

Srt Hz^-fcjgHLfce^igKC^-rs HDART ©«IB»^ftSd*«l*f 
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(retinoid response element) (DTmz^^iSy^i— ifft/jN^p^-^ 
(pTREpal-tata) t CAT«Wftfi*a^RAR (retinoid acid receptor) V 

H&ftKcfci, HepG2«{c:RAR FilWJPffc, HDART 

W^^-r^pcDNA3-HDART^Effectene^^ h (QIAGEN) U0h7>77i 
^>a>Lfc 0 PcDNA3-HDMTfiS^7^-©atfAi:»*_T0, 0. 5, 

1. 0 n% <fcU '^©h^>X7x^v 3 >(DDNA*§|ffI-fct-^^fe(C P cDNA 
0 ©ffl©^^-T?ltfgk:ft*J:5lc»|»Lfc. h ^ >7 7i7va >|g, ATRA 
(10" 8 M) 0#S7Sfe^ftT-e4f$t, ^^©CAT^tt^SteL 
£. (06) ATMTO£TT©£^^-1. Oyg^ALfc 

CAT^tt^»fcLTHlEt^^t.L,fco 3 0©^!©^^^ 

» laeAtc^-r.t^fc:, cat««^©^^- ( pcD na) ^A^n^M-m 

ATRAICJ:f9 5^±#Lfe 0 t^Lft^ ATRA Tl^^nfe CAT 

■£t>\z?)Vnn)V7-n^ FHr7'*- (GR) tiS^Wc^s HDART © 
f£MJGRIlteHela«ftT GR U^-^^XS K£/B^T#g#rLfc 0 ^ 
nnj&a* F^tt7"nt-^©^ftfblt HeLa«ue*J:^i (T 8 M© 

HDART <D#$$%\t> RAR (1/5F/ -f >@£Hr7*-) ^Bh7>^7m^ 
HtWOfittfcSjqiWLfc (B6B) . cn6©**tt, HDART^|*il/ir7 0 
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mmm 5 ] mummzmz hdart v>mn 

HDART A%?Wi:Eii41-§ Z. ttfTjktstltcfctb. HDART \Z 

m&?z>zt-t)^mt£n%. ^otztb, hdart ma^a^mk^t&^u^ 
5 a-tiW^fiL, z-nzft&mytnmz^r) hdart ©ififtcis^iif 

^U^n-^^©^«, *jM*i?His-HDART (7$/i$gS 

296-431) «£^>A^K<hLTg££i^ His tWto&tfh* Ni-NTA Wig 
(QIAGEN) T*t®!L£o 3fcfc, His -HDART ^>A^W£r>+NR;:ftSU 
10 t#£tl7c3n HDART tiiM^, ProtOn *y b 1 (MPS) ?:ffl^fc77-i'Zr^-^ 
□ •?h^77^-iaD$S»fe„ C-TffS^n^^it^fci HDART 
^ffiWJC HDART ^^T^Helam^-O^^^-hL, pe 
(Phycoerythrin) S^^^tf^'l' >^^- h Lt, f&&Mytm&Zfi 
ofe 0 □>hn-jl/iliLT, ^-y-^ HDART iri#:tft^T^MO^ 

DAPI^-fefeff^fco 

0 7A^^$tlT^-5J;9f^ ^ HDART infcZm^tcft&lkftm&miZ, DAPI 

ctO. HDART «Hela«©^|*ii-^W(cMbTV^ii^$nfe 
20 7) o 

£#LT^3«T© HDART (Dm&ZMffi^fco Hela«(CGFP^fc 
GFP-HDART 5fg?I^ h7>X7i^ya>U 24 B#TOK GFP \Z<$:Z> 

ikym^^htzo ttz, gfp-hdart mmz-o^x\t, mzmmttztz® 

Iz Hoechest33342 M^ffll^ y^a^-yg >£fTo7c 0 
25 HI 7 B {C^Tct -5 \Z, GFP-HDART ^^h7>X7x^y 3 > 

tt, Hoechest33342 $#4 (£±A*;i/) T£TOb£tl?c^GFP Hck^M^ 
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bWSHtdntKSftfc (£±/WU) „ GFP-HDART te, gECfBftStt 
WSSkip^ : ?o^^y^JW^-> (17) 

^Lfc. ISHH©IS*ttHT1080*Jfi*J;«293 ieifilc*^Tt>««Snfc (E3w 

mmm 6 ] hdart k «t * 3 mto&wm&ffi 
hdart tfi&r>wmmiz&M\z:mi§.TzttiM\sttiaG* &fflQfrwmmm&ft 
■dt&zv c ttf^mzntco n ©^ssjigrsfci&te:, hdart s dna \zmm 

Zi£Zt£tb\z5E£g><D HDART cDNA * GaI4 DNA ££££ (GAL4DBD : GAL4DNA t 

Mftm\z\Z. Gal4 U#—& — 7°7XS. K (pGal4-Luciferase) tf^tbrnXZ 
tlfc NIH3T3 jfflflSfc» HDART >A°;7®£ Gal4 DBD £©$!£•:* >/1£ff£3§ 
S«Gal4 DBD-HDARTy^X5 H^A«»AT (0, 0.1, 0. 3, 0. 5 
/ig) h7>77i^/3>Lt h7>X7i^y3>CiWl — ^ 
;PDNAg£fii};13&8£>lc\ #^©h^>^7x^->3>(c*5ViTGal4 DBD ©<£ 
©^ ;=?-©»£ 0. 5/igCiflfc. h7>X7i^ 

7— tf^tt) wu/c„ #-y->y;i/©;i/->7x7—if«tt«, £©>^^-© 

*iALfe^^>7x7-fffittM (100%) £LT*$IELfc{iiT^Lfc 

^-A-HJ;0^Lfc (0 8 A) o *£, Gal4 DBD-HDART QiAMOScfcteO. 5 
wg) *fflViTSiJ©jBJeU-20S«fflJ6K:feV»Tt)l^fil©«#f*fft5fc (0 8B) . 

HDART tt NIH-3T3 «^^^S^D^-^gtt^Sfe#W{Cl : L<«J$iJL, 
**>ifiSV>ift£ (0.5/zg) T?miis73L7—¥<Dm$l& 80%fgT$-ti:7c (0 8 A) , 

fWHofeWiMosmjBnfbWdsnfc (I8B) „ -n^^ctD, hdart 
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GAL4 WiA»^«**'bfc&ViHDART©*^K:tt, ^>7i5-M 

5 

&tt©e^H8&fck HAT (t7>h>Tir^;Hb^*) fc:«k5«H4ft;:fcJ;tfHMC 

x h > © 7-t ^;wb © vtm \z «t d mu^P $ nt v > & c t £ nt „ hdart 

10 ^HTS»^f#ll«!l©^*nXA*We>^{cT-5fc«>K:, :® HDART om&fi 
HDAC t©*-&#»rt*^bT55#Sn<5*»S^« Flag-HDAC3BS^*-£JH 

g&5*-r7°©HDAC (1, 3, 4£fcte6) Flag-HDACs 58^^ 

7 ^ - £ GFP-HDART 7 * - £ 2 £ mM\Z 293 « n h 7 >X 7 

ymmm&m Flag K#£-r >*^- h Lxf&&tJcm*ft itc. ftmmmm 

IZ&tfZ GFP-HDART * >A7M©^£^I8T3fc&t;:, ftgltlloMI^ 
20 mm\Z SDS-PAGE TJHiU iri GFP fafe^m^tzfi^Uy^j >^mffVTco 

m9h\z^x, ±.w^)v\z%mmm(o gfp-hdart ?>^?K®fm 

7c^$r*U, Tg|5/U^^SOT»^ir[GFPJrL^T^7D^7^ 
^>^bfe^*^*1- 0 HDAC©««®£^e*©jlD : I/->1 ; 
25 HDAC 1> l/->3 ; HDAC3, l/->4 ; HDAC4, U->5 ;HDAC6T&3o 
U-> 2 it GFP-HDART ©^£f£S$i*£+h>7°;K?&£ 0 
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0 9 A fcj*T<k"3 fc\ Flag-HMC %m^>7$-£ GFP-HDART 3B3K£*-£# 
□ h7>X7i^y 3 >$nfc293 iW0i»H triFLAGi/t#t<fco 
T GFP-HDART ififtmtmvit Z. ttimWisntc (Tffl/Wk £ J: 0 V- y 1 , 
3, 4, 5) c brt»U FLAG-HDAC ##£T (Flag-HDAC 585i^*-#«A3 

5 nw&V>») Tte. ft FLAG ft#£»LT& GFP-HDART ©Mte J. Sflfc^ 
ofc l/->2) o fol, ft FLAG ftftfc «k § GFP-HDART 

«> Flag-HDAC £ GFP-HDART t©#M^ffiS^t«fcS^«i:^$nfc. 
HDART 7 1 (HDAC1 430:^3) i^-f y II (HDAC4 %>£tt 6) ©M^-T 7<D 
HDAC ifflSflt^ £ t fc^frlfco 

10 $6 K\ HDART t HDAC3 £ ©ESW&fflSffffl & GST >»mz& D if 

^fc. GSl7fr?V>imU&*mzmm(D%m\Z'&'oTmMls1t (Tzamarias, 
D.. and Struhl, K. (1995) Genes Dev 9(7), 821-31.) . TNT (g&jSg) in 
vitroW* ' IIIRv'XxA (Promega) £fflV\ 35 S >SftTT 
HDAC 3 (D //? F///»'»»?*fT o fc. GST * >A°£K£7t« GST -HDART >A 

15 *n-6n*»«frtT«giS*, GSTft&ttfftt (50mM MJX-HCL 

200mM LiCK 0. 5% NP40> 5iM EDTA, lmM PMSF) ^Mft>t7 7D-^ 
£JflV*Tf*»Lfc. GST^^»lml * GST-HDART»te*>/^»i;fcttS* 

bhgst (*sjitfg) t 35 s-mMnmmin vitrommmm oo^d 

20 -f>*^-hb£&> ■fe7 7 0-X-GST^>/ , ?^Rtt^*GST«^i»«» 
T 5 IHft&Lfc. GST *>/^*fc*g£bfc* >A°^»£ hjyJUSIIt h U £ 
A (SDS) ^V>7)Vmffim*T^t?1S^%Zt\Z&r)fe&-2^^ SDS-#U 

7^U;W75 HW«^tacftfc«tO»l8IUfc. GSTM£^>A^S^I^£» 

25 h7W77>f \z& D 3 5 S-feTO^$nfc HDAC £&WL&. 

IU9B fc^nT^5±5l:, //7 F/7ro T«£*lfcHDAC3 \t, J£fc£ GST 
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?>Wnt\m&1*:?7)VyV>2^%ZttfT:Z?2.fr-Dtztf, GST-PART 

5 $ *>\z HDART (D^MnU^m £2ff £ HDAC ©JK7-fe^^bS#^Oj»»S» 
«fT*fc»fc> HDAC£#SWfclfi*f ShU^X^^A (TSA) #fcTT* H 
J60!l4£|lO8fcCAT l/^-^-«^ffofc (01 OCfcitfD) . {SU #H 
MMT°\Z, -£»(DpcDNA3 -HDART (1/ig) .£ffltr> (010 + 

THDART+J ) , -*fcU^f>H (ATM£fc«x*1*^/>) t#\z lOOnM TSA 
10 ^fc«lmAIgm±hU^A^»bfeo 

01O(\ U#>K©#T«&£T*:/a*--*#5©U# 
-*Htfc^©S£§i«±#U -tdfc HDART ^Stt»ftJ£ 

n^c $e,^hunx^5 i >A^ijn$n'5t, mm\z^^m^nifi^\z 

15 hU^A (Buty) £&iDUfc#&fc'b«*$ftfc. cnSJS*tt, HDART fc«fcS 

mmm 8 ] HDART-Skip ffiSf^ffl \ZX 3 U #> Uir 7* - 

(unliganded receptor) ©£bl&#Pfl5!l 

20 RAR&cfcinRte, //7 r/ra (Baniahmad, A, Kohne, A. C. , and Renkawitz, 
R. (1992) Embo J 11(3). 1015-23) *3<ktf in vitro (Fondell. J. D. , Roy, A. 
L. , and Roeder, R. G. (1993) Genes Dev 7 (7B) , 1400-10.) fcfcVvrU#>H 
#ftftTTm&;=H£mk*M\'rz>o Z\<DZ.£frt>, ZtlZffimfflffl (active 
repression) tmVTKZ. Skip WJi3> Mmwmz NHR ifil^ffl 

25 -fS (MacDonald, P. N. , Baudino, T. A. , Tokuiaru, H. , Dowd, D. R. , and 
Zhang, C. (2001) Steroids 66(3-5), 171-6.) . -^©fc#K ZM*>fflffifo%& 
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£tf Skip fc©±aWfcH#K:J;D, HDART-Skip^^U^>H*^S!l/-fe: 

ir^mm^^tirc. znt>m%&zwt>fr\z?%tctb\z. hdart©F5± 

> 1-*#7V 7*^$»J^^i±, ^-©m© RAR \zmmhtcmmzttTZ>BW$: 
5 p^fc„ 2 Iz^htcM D HDART I;:* #3 N »i© 40© TPR (N4TPR) 

skip ^m^$>^Tctb, zwmi&ommw&wm t skip tmrnfrmz 

m±TZ> Z. tH HDART ©^©«HB*fi#UT h*#7V :/£ Itil 

« £ £#M£ftfcfca6, #^JKfcn?ft N4TPR €r H5 :f- > 5V 

io 293 tigj&lc Flag-Skip *5«fctf GFP GFP T^#tt$nfc N4TPR £ h 7 
>7> 7 x 2 =/ a > Lfco h 7 >X 7 x £ v 3 > 2 4 R3HH&£ffilgtflfflft&HttU 
fit Flag tt#T?^gEtfc»$-frfc. &;g««SDS-PAGE±T#i«b/io & 
&tfc»ffi©faaEtt HDART ©5B^&«KT5fc«>fc:» ^itl^M^iSfflllStttti^*)^ 
m\Z SDS-PAGE ^^©A°^->$^>yi/>lC^bfco *-LT» 

15 Flag-Skip <D$m \Z"D \^X\£8i FLAG GFP 35 <££X GFP-N4TPR (D^M\Z 

O^T«tn;GFPirC#£ffll\ f*Jft HDART ©38^ \Z~D ^T«#S HDART 

^^T, -ttt^fttftttlLfc (HI 1A) o HI lAfcfcHT, T^©3 

o©/WM*» ^-tl^n^W^nfcSkip CfU±) , rtHtt HDART (TBS* 
*) &J;l>*N4TPR (T^HF) ±«©-tt©/WUctt, &iffi)»M©l*l 

20 HttHDMT*>/^£©8S£3*-r. 

01 lA^^tlTV^ck-513, N4TPR ©fg§itt> N4TPR *36Sl/TV>fcV># 
H (GFP©^-, V->1) \Zit^X Skip t^aRUfc HDART ©*£»£*£ 

(TWifeA^k l/->2) . N4TPR ©ii*J^tt, N4TPR <h Skip <h© 

fBSftMB/ombtlU #MUfcSkip©*£^L<±#£i±fc (I/->2, lower 

25 bottom panel) . □ > h D— ;P©*>/^R (GFP) <D%m% HDART <h Skip t<D 
ffl5ffrmc#LTJBHSttfcrt>ofc (1/->1) c £©*§HfcJ\ N4TPR# HDART K 
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ttfc^T Skip tmKftm-?Z> F5^"> b*#7^ ^>/^gtUTfffflt5 

Sfcfc, N4TPR ©S&8l383g# MR £fcte£\M/3 3 jl^n -Y FJSSrtt^o^-^ 

5 (0, 0.3, 0.5*zg) £JBV*fcj££l$V>T, ±E^»4(C|Bmtfcl/#- 
* HR*r t <k 0 MIL 

1 IB. C fc^Lfcil tK U iS> F##£TT N4TPR £»JI8l/T383i 

10 A) *TiiJlD$^o N4TPR©*fc»Vi5B3SU^;H?tt OS A* 0. 5 w g) , U# 
>H*#«ETTlB^fttt*»<«WlP (~&20f&) Sttfc. ^tl?>©^*« 
HDART j&* RAR ^Jlo □ -f F U-fe 7* - fc ^FWl/^ > U-fe 7^ -(Dm 

15 l/^y-T>^#^ct§^«^HS*«tt (rhabdomyosarcoma 

cell line) ©j8>ffij$K©2Hfc£ HDART ©ifi3Sd58?IK:«k 0 (IS* 

ATRA (All-trans retinoic acid) tt, M$iiJ®#fc©MM&l§g2iJT&<5iI 
t^6tlTViS (20-22) . t MtW^ffiS*m»MM-l-19-P^H/jN$ 

20 (C^bT-So SW*;P : &>U''fe^-fciBHLfcRlSfc*S^-& HDART 

f£'&m*W*>frlz-?Ztc®\z, ATRA fcfcS MM-1-19-P ©j&jaj»©Mfc*rUT 

HDART 3BSia^;l*£»£#*r L&. 
100mM©^hym±tlffl-l-19-P«£ffi^tt, £©«{;: 0.4/zg©pGFP 

^^-t2itg© PCDNA3 (£^ £ * -) £ fc pcDNA3-HDART (HDART * 
25 t^h7>^7i^y 3 >LL ^7>X7i^y 3 >^e2 4W 

fc, ftft&ATRA^ (2uM) *fett*^©«r»fe«»i:3aftbfc. 4 8B# 
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Dfc, &tt&m&m^m&x*)iE. f\ztf? 0 ^ (a) «atra#ms^ 

o^^^-IAIH, (B) ATRAM^o^^^-«A«, (C) ATM 

^mm^-Dmmmm^^-mxmm, (d) atmms^hdart^^ 
^-iAiifi, (e) ±i2 (o tm-^omm. m ±ib (d) tm-& 

ft(DMMZi*To A'^^FTtt, Mfi£l=p«, *#fcGFPIitt|fflJ§&£gfc> 

u steKwuftik-zntzmmzmT. (g) ^57^ GFPPitt«4-©M 

^M^teX^-A-T^tlT^S (£^*-^3>ATRA (+) £HDARTfg^ 

ATRAMLfe«T1S, GFP»tt©iffllfi«ttAm©*Blia»tt3a*©fc«e>3 0% 

HDART56S^^^-**AU&«J»Ttt, ATRAMS^ 

#*ag* 1 7? gfp utto^m^n 1; 

^©^/7 ^-^A$tl^m©#<«, ATRAMSKJ^T, ffiWm(DU± 

mM<D&mT*Ktsn%£D£ffi®.Mizfti\:Lt£ am 2 @i 20 , ^ 
o^^^-^#A$tifeMT«, atra mm\z£%mmm(Dmfc<D®mt gfp 

^tt*5ct«tt©«©M^T(^-Ta&ofc 0 l^b&#£,, HDART^A£tl 

fcamSTtt, gfp lltt«aATRA®s$^ToTfcS^©^^b«si^iYi^ 

# (01 2D+*fi*Efc 01 2G) , -*©GFPIftttlilfiTttW«W)&:®«« 
g*aillfij&««£;*ttfc (01 2F*£fe£EP) o £©&&fcj\ HDART056IB^U 



WO 2004/031388 



PCT/JP2003/009443 



- 34 - 

n 6 <DMmZ HDART ifi&lz < £ fc 1/^ J <i >M W-fe 7°^- § ^H^^ 
ll±©jjlffl©gll 

b#5. Lfcj5 s oT, *58W<D<E^ailWH : P*fflViTroAC £ U h £-t£, 
HDACOf^fflHi-pTig^lfll^fTaeitfeT^S. ^^©Ig^jfilfWBT©;: 
©i^Wtt, ^^-^F , 9l/-t7°^-©te¥7tii^HbTVi?)^a(C^b 

tlTlltS, IfedbT, d©H5^>h^T-^7*^7^Htt> 
3t$i±^fe*(-^v^e:<h^7r^^ 0 i(Z)H^^>h^*>^7^7 0 ^H J b^fc, 

t^-C^Iif i l h'W^ tft§„ ftfc, HDART©N» 

#J©40©TPR (N4TPR) ATRA fcJtUTUSV -f >&l/-fe 7*;* -©&¥«& 
ft:IB*Ji«Vifc», ATRA (0!l*.fcf» IM*©# 

{b«£l*&fc£) fcfcwr, ATRA \Zft?LT£tcfc ATRA t*fc*^7 r ^H&Ji&* 
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(A) mn^2\ztm<DT^mmm^Tz>$>>n2wz;zi--Phtc dna, 

(B) mvmn i \zmw&g&m& ztzz dna. 

(A) iawt 2 tfB«©T5 y mmm\z^x i «»©t$ yga* 

F Ltc DNA, 

(b> @b^i#^ i izmmvmmmm^tez dna f u > vx > f&^t 

TVW^U^VXT^DNAo 

3 . tt« l 2 tc|B«© DNA K <£ 9 n- F $tife^^©Ji|^ 0 

4 . ^m^> u± y^-izmm Ltc&^&wm u%mmm 3 teto^ 

5 . 3fc^£©M; L*§3^:/^ F £n - F LTz DNA T2& -d T> 

(A) E^J#^2K:tett3 1^£> 179&©7Sy«^£&£^y^F£:3 
-FLfcDNA, 

(B) lfc^tf^l^S 537J&S£TO:!£X@BW£&3DNA„ 

6 . fc^&mmt vmz> * f £ □ - f Ltc dna ^ t\ 

(A) @B^J##2{l4bHt<5 1^^ 179fe©T$ym@B^JfC*5ViTl^L<M 
^'J^T^^y^F^n-FLfeDNA, 

(B) m&mmiz&ftz i amm^T^Mmm^^^ dna f 

U >yi > F&£#TTVW 7*U ^< XT -5 DNA. 

7 . W ^ 5 £ fc U 6 fcfBit © DNA \z £ V) n - F $ UtdB^^mt^ 7°3- F . 
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9. m^Ml, 2, 5££«6©^t*ft>W;:f3*c©DNA fimxzntz^z? 

o 

5 10. 2, 5*fctt6©Virn*»K:|BttODNA*fc»4ai«jfi9lcia« 

11. 3 fc|B«©B^ 7 fcfB«©^7°^ Ffc*SSU#St&fr D 

12. ft^l, 2, 5^fc»6 0ViTtl^lciBic©DNAi:A-f ^iJ^XU, 

10 13. kt© (a) ~ (d) ©vi*rn^*s@3t$nfcs«. 

(A) W^l 2(C|Bm©^ 1 J=r^^l'^HyD-7^ 
H 

15 (D) Mf&gl 1 \Z%ffi.O%ifc 
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02 



Score = 75.5 bits (184), Expect = 3e-12 

Identities = 134/589 (22%), Positives = 228/589 (37%), Gaps = 127/589 (21%) 

HDART: 262 LADYYIRSGHFEKARDVYEEAIRTVWTVRDRQVFDSYAQFEESMIAAKMETASELGREE 321 

L DY +R R +E+ IR TV + YAQ+EES+ +++ A + 
CRN : 208 LNDYKLRK RKTFEDNIRKNRTV---ISNWIKYAQII(EESL--KEIQRARSIYERA 256 

HDART: 322 ED DVDLELRLARFE QLISRRPLLLNSVLLR(3NPHHVHEII(HKRVALHQCRPRE 373 

D ++LL+AE QfR+++ P K+K + E 
CRM : 257 LDVDYRNnLHLKYAEMEMKNRQVNHARNIIII^ E 309 

HDART: 374 IMnEAVQTVDPFKATGKPHTLIM^ 433 

++ A Q + + H ++ F ++D AR I E+ F V 
CRN : 310 MLGNVAGARQVFERWMFJQPEE(^WHSYINFELRYKEVDRARTIYER FVLVHPDV 364 

HDART: 434 SVWC(KGELELRHENYDEALRLLRI(ATALPARRAEYFD(5EFVQNRVYKSLKVWSMUDL 493 

W + E +H + A ++ +A E+F G E + +Y + A 
CRN : 365 KNWIKYARFEEKHAYFAHARKVYERAV EFF-GDEHMDEHLYVAF -AKF 410 

HDART: 494 EESLGTFQSTKA VYDRI LDLRIA — TPQIVI NYAMFL EEHKY — - 533 

EE+ F+ + +Y LD RI+ ++ NY +F E K+ 
CRN : 411 EEN(yEFERVRVIYKYALD-iaSK(PQELFKNYTIF--EKKFGDRRGIEDIIVSKRRFQ 467 

HDART: 534 FEESFKA YERGISLFKHPNVSDIWSTYLTKFI- 565 

+EE KA YER 1+ K Y+ +1 

CRN : 468 YEEEVKANPHNYDAIIFDYLRLVESDAEAWVREVYEM^ 527 

HDART: 566 ARYGGRKLERARDLFEQALDGCPPK— YAKTLYLLYA(^E— -EEWGLARHAMAV 615 

+ ER R +++ +L+ P K +AK +++LYAQ E + LAR A+ 
CRN : 528 YALYEELEAKDPERTRQVYQASLELIPHKKFTFAK-MWILYAQFEIRQKNLSLARRALGT 586 

HDART: 616 YERATRAVEPAQQYDMFNIYIKRAAEIYGVTHTRGIYQKAIEVLSDEHAREMC — LRFA 672 

++ + +F +YI+ ++ R +Y+K +E EC ++FA 

CRN : 587 SIGKCPKNKLFKVYIELELQLREFDRCRKLYEKFLEF GPENCTSWIKFA 635 

HDART: 673 IWEO(LGEIDRARAIYSFCSQICDPR--nGAFIIQT!!(KDFEVRHGNEDTIKEMLRIRRSV 730 

++E LG+IDRARAIY I PR DFE+ E+T + RR + 

CRN : 636 ELETTLGDIDRARAIYELA--ISQPRLDMP£VLII(KSYIDFEIE--QEETERTRNLYRRLL 691 

HDART: 731 (^TYNT(^NFMAS(^LI(VSGSATGTVSDLAPGQSGMW)MKLLEQRAEQL 779 

Q T + +V +Q SG + M+ E++ E+L 

CRN : 692 QRTQHVKVWISFAQFELSSGKEGSLTKCRQIYEEANKTMRNCEEKEERL 740 
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ms 

I dmCRN 

1 huCRN 

I ceCRN 

I spCRN(CWF4) 

I scCRN(SYF3/CLFl) 

, mmHDART 

I hpHDART(XAB2) 

I drHDART 

I ceHD ART 

I spHDART 

scHDART(SYFl) 
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Skip WE 



Al 



Gal4AD 
1 



A2 SHE 



A3 
A4 
A5 

A6 
A7 



Gal4AD8S 

(Oft 



97 



97 



as: 



5/1 2 



220 



388 



NHR$S£ 



119 



220 



119 



387 



Beta-Gal 
(HDART 

438 536 ffiSftffl) 
- - - + + + 



TA 



437 



sssc 



+ 
+ 
+ 



536 



J + + + 



536 



J + + 
+ + 



438 536 



B 

HDART fi 




240 



] Beta-Gal 

i.l(sypt@s#ffl) 



855 



1 + + 



+ + + 



241 



855 



GaI4 DBD M 
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A 



HDART 



pTREpal-tataCAT 




0 



0.5 



1.0 



B 



pGRE2-tkCAT 




0 



0.5 



1.0 
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A 



a- 

HDART 



(SHU 



B 



GFP- 
HDART 



GFP- 
Mock 



DAPI 




GFP Hoechst 
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8/1 2 
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H 
■ 

a 

S5 
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9/1 2 



09 



A 



GFP-HDART 



Flag-HDACs r 1 ..-3 4 6 



B 



a-GFP 




HDART 



IP;aFLAG 



a-FLAG 

HDACl-i 
HDAC3*- 



a-GFP 




*HDAC6 
h*HDAC4 

HDACs 
IP'd 



HDART 
Co-IP ? d 



1 2 3 4 5 



5* 



w & & 



HDAC3 
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1 0/1 2 



1 0 



c 



iH 

i— 

o 



nn 

+e 1 



6 - 
5 - 
4 - 
3 - 
2 " 



0 

ATRA 

HDART 

HDAC 



pTREpal-tataCAT 



+ 




TSA Buty. 



D 



7 

I — 4 ~l 
g 31 



fX 2 - 

cm 

1 i 



DEX. 

HDART - 
HDAC 



pGRE2-tkCAT 




TSA Buty. 
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1 1 



1 1/1 2 




B 



22.5 
20 



^.HDART ^ 17.5 

tfo 15 



•Skip IP'd 



HDART 
'Co-lP'd 



.N4TPR 
Co-IP'd 



pTREpal-tataCAT 






20 1 




18- 


iti 16- 




14- 




12- 




10- 


o 


8- 




6- 


cm 


4- 


-K- 






2- 



Dex. 
N4TPR 



pGRE2-tkCAT 




0 



0.3 0.5 
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Mock HDART 
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SEQUENCE LISTING 

<110> MIZUTANI, Shuki 
YAMADA, Takayuki 

<120> Transcription regulating factors 

<130> SEN-A0122P 

<140> 
<141> 

<150> JP 2002-217233 
<151> 2002-07-25 

<160> 2 

<170> Patentln Ver. 2. 0 

<210> 1 
<211> 2684 
<212> DNA 
<213> Homo sapiens 

<220> 
<221> CDS 
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<222> (37).. (2601) 
<400> 1 

agcgcgcgac tctcctgtac ctgggcatcc agaaaa atg gtg gtg atg gcg cga 54 

Met Val Val Met Ala Arg 
1 5 

ctt teg egg ccc gag egg ccg gac ctt gtc ttc gag gaa gag gac etc 102 
Leu Ser Arg Pro Glu Arg Pro Asp Leu Val Phe Glu Glu Glu Asp Leu 
10 15 20 

ccc tat gag gag gaa ate atg egg aac caa ttc tct gtc aaa tgc tgg 150 
Pro Tyr Glu Glu Glu He Met Arg Asn Gin Phe Ser Val Lys Cys Trp 
25 30 35 

ctt cgc tac ate gag ttc aaa cag ggc gee ccg aag ccc agg etc aat 198 
Leu Arg Tyr He Glu Phe Lys Gin Gly Ala Pro Lys Pro Arg Leu Asn 
40 45 50 

cag eta tac gag egg gca etc aag ctg ctg ccc tgc age tac aaa etc 246 
Gin Leu Tyr Glu Arg Ala Leu Lys Leu Leu Pro Cys Ser Tyr Lys Leu 
55 60 65 70 



tgg tac cga tac ctg aag gcg cgt egg gca cag gtg aag cat cgc tgt 
Trp Tyr Arg Tyr Leu Lys Ala Arg Arg Ala Gin Val Lys His Arg Cys 
75 80 85 
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gtg acc gac cct gcc tat gaa gat gtc aac aac tgt cat gag agg gcc 342 

Val Thr Asp Pro Ala Tyr Glu Asp Val Asn Asn Cys His Glu Arg Ala 

90 95 100 

ttt gtg ttc atg cac aag atg cct cgt ctg tgg eta gat tac tgc cag 390 

Phe Val Phe Met His Lys Met Pro Arg Leu Trp Leu Asp Tyr Cys Gin 

105 110 115 

ttc etc atg gac cag ggg cgc gtc aca cac acc cgc cgc acc ttc gac 438 

Phe Leu Met Asp Gin Gly Arg Val Thr His Thr Arg Arg Thr Phe Asp 

120 125 130 

cgt gcc etc egg gca ctg ccc ate acg cag cac tct cga att tgg ccc 486 

Arg Ala Leu Arg Ala Leu Pro He Thr Gin His Ser Arg He Trp Pro 

135 140 145 150 



ctg tat ctg cgc ttc ctg cgc tea cac 
Leu Tyr Leu Arg Phe Leu Arg Ser His 
155 



cca ctg cct gag aca get gtg 534 
Pro Leu Pro Glu Thr Ala Val 
160 165 



cga ggc tat egg cgc ttc etc aag ctg agt cct gag agt gca gag gag 582 
Arg Gly Tyr Arg Arg Phe Leu Lys Leu Ser Pro Glu Ser Ala Glu Glu 
170 175 180 



tac att gag tac etc aag tea agt gac egg ctg gat gag gcc gcc cag 
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Tyr lie Glu Tyr Leu Lys Ser Ser Asp Arg Leu Asp Glu Ala Ala Gin 
185 190 195 

cgc ctg gcc acc gtg gtg aac gac gag cgt ttc gtg tct aag gcc ggc 678 
Arg Leu Ala Thr Val Val Asn Asp Glu Arg Phe Val Ser Lys Ala Gly 
200 205 210 

aag tec aac tac cag ctg tgg cac gag ctg tgc gac etc ate tec cag 726 
Lys Ser Asn Tyr Gin Leu Trp His Glu Leu Cys Asp Leu He Ser Gin 
215 220 225 230 

aat ccg gac aag gta cag tec etc aat gtg gac gcc ate ate cgc ggg 774 
Asn Pro Asp Lys Val Gin Ser Leu Asn Val Asp Ala He He Arg Gly 
235 240 245 

ggc etc acc cgc ttc acc gac cag ctg ggc aag etc tgg tgt tct etc 822 
Gly Leu Thr Arg Phe Thr Asp Gin Leu Gly Lys Leu Trp Cys Ser Leu 
250 255 260 

gcc gac tac tac ate cgc age ggc cat ttc gag aag get egg gac gtg 870 
Ala Asp Tyr Tyr He Arg Ser Gly His Phe Glu Lys Ala Arg Asp Val 
265 270 275 

tac gag gag gcc ate egg aca gtg atg acc gtg egg gac ttc aca cag 918 
Tyr Glu Glu Ala He Arg Thr Val Met Thr Val Arg Asp Phe Thr Gin 
280 285 290 
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gtg ttt gac age tac gec cag ttc gag gag age atg ate get gca aag 966 
Val Phe Asp Ser Tyr Ala Gin Phe Glu Glu Ser Met lie Ala Ala Lys 
295 300 305 310 



atg gag ace gee teg gag ctg ggg cgc gag gag gag gat gat gtg gac 1014 
Met Glu Thr Ala Ser Glu Leu Gly Arg Glu Glu Glu Asp Asp Val Asp 
315 320 325 



ctg gag ctg cgc ctg gee cgc ttc gag cag etc ate age egg egg ccc 1062 

Leu Glu Leu Arg Leu Ala Arg Phe Glu Gin Leu He Ser Arg Arg Pro 

330 335 340 

ctg etc etc aac age gtc ttg ctg cgc caa aac cca cac cac gtg cac 1110 

Leu Leu Leu Asn Ser Val Leu Leu Arg Gin Asn Pro His His Val His 

345 350 355 

gag tgg cac aag cgt gtc gee ctg cac cag ggc cgc ccc egg gag ate 1158 

Glu Trp His Lys Arg Val Ala Leu His Gin Gly Arg Pro Arg Glu He 

360 365 370 



ate aac ace tac aca gag get gtg cag acg gtg gac ccc ttc aag gee 1206 
He Asn Thr Tyr Thr Glu Ala Val Gin Thr Val Asp Pro Phe Lys Ala 
375 380 385 390 



aca ggc aag ccc cac act ctg tgg gtg gcg ttt gee aag ttt tat gag 
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Thr Gly Lys Pro His Thr Leu Trp Val Ala Phe Ala Lys Phe Tyr Glu 
395 400 405 

gac aac gga cag ctg gac gat gcc cgt gtc ate ctg gag aag gec acc 1302 
Asp Asn Gly Gin Leu Asp Asp Ala Arg Val He Leu Glu Lys Ala Thr 
410 415 420 

aag gtg aac ttc aag cag gtg gat gac ctg gca age gtg tgg tgt cag 1350 
Lys Val Asn Phe Lys Gin Val Asp Asp Leu Ala Ser Val Trp Cys Gin 
425 430 435 

tgc gga gag ctg gag etc cga cac gag aac tac gat gag gcc ttg egg 1398 
Cys Gly Glu Leu Glu Leu Arg His Glu Asn Tyr Asp Glu Ala Leu Arg 
440 445 450 



ctg ctg cga aag gcc acg gcg ctg cct gcc cgc egg gcc gag tac ttt 
Leu Leu Arg Lys Ala Thr Ala Leu Pro Ala Arg Arg Ala Glu Tyr Phe 
455 460 465 470 



1446 



gat ggt tea gag ccc gtg cag aac cgc gtg tac aag tea ctg aag gtc 
Asp Gly Ser Glu Pro Val Gin Asn Arg Val Tyr Lys Ser Leu Lys Val 
475 480 485 



1494 



tgg tec atg etc gcc gac ctg gag gag age etc ggc acc ttc cag tec 1542 
Trp Ser Met Leu Ala Asp Leu Glu Glu Ser Leu Gly Thr Phe Gin Ser 
490 495 500 
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acc aag gcc gtg tac gac cgc ate ctg gac ctg cgt ate gca aca ccc 1590 
Thr Lys Ala Val Tyr Asp Arg He Leu Asp Leu Arg He Ala Thr Pro 
505 510 515 

cag ate gtc ate aac tat gcc atg ttc ctg gag gag cac aag tac ttc 1638 
Gin He Val lie Asn Tyr Ala Met Phe Leu Glu Glu His Lys Tyr Phe 
520 525 530 

gag gag age ttc aag gcg tac gag cgc ggc ate teg ctg ttc aag tgg 1686 
Glu Glu Ser Phe Lys Ala Tyr Glu Arg Gly lie Ser Leu Phe Lys Trp 
535 540 545 550 

ccc aac gtg tec gac ate tgg age acc tac ctg acc aaa ttc att gcc 1734 
Pro Asn Val Ser Asp He Trp Ser Thr Tyr Leu Thr Lys Phe He Ala 
555 560 565 

cgc tat ggg ggc cgc aag ctg gag egg gca egg gac ctg ttt gaa cag 1782 
Arg Tyr Gly Gly Arg Lys Leu Glu Arg Ala Arg Asp Leu Phe Glu Gin 
570 575 580 



get ctg gac ggc tgc ccc cca aaa tat gcc aag acc ttg tac ctg ctg 1830 
Ala Leu Asp Gly Cys Pro Pro Lys Tyr Ala Lys Thr Leu Tyr Leu Leu 
585 590 595 



tac gca cag ctg gag gag gag tgg ggc ctg gcc egg cat gcc atg gcc 



1878 
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Tyr Ala Gin Leu Glu Glu Glu Trp Gly Leu Ala Arg His Ala Met Ala 
600 605 610 

gtg tac gag cgt gcc acc agg gcc gtg gag ccc gcc cag cag tat gac 1926 

Val Tyr Glu Arg Ala Thr Arg Ala Val Glu Pro Ala Gin Gin Tyr Asp 

615 620 625 630 

atg ttc aac ate tac ate aag egg gcg gcc gag ate tat ggg gtc acc 1974 

Met Phe Asn He Tyr He Lys Arg Ala Ala Glu He Tyr Gly Val Thr 
635 640 645 

cac acc cgc ggc ate tac cag aag gcc att gag gtg ctg teg gac gag 2022 

His Thr Arg Gly He Tyr Gin Lys Ala He Glu Val Leu Ser Asp Glu 
650 655 660 

cac gcg cgt gag atg tgc ctg egg ttt gca gac atg gag tgc aag etc 2070 

His Ala Arg Glu Met Cys Leu Arg Phe Ala Asp Met Glu Cys Lys Leu 

665 670 675 

ggg gag att gac cgc gcc egg gcc ate tac age ttc tgc tec cag ate 2118 

Gly Glu He Asp Arg Ala Arg Ala He Tyr Ser Phe Cys Ser Gin He 
680 685 690 

tgt gac ccc egg acg acc ggc gcg ttc tgg cag acg tgg aag gac ttt 2166 

Cys Asp Pro Arg Thr Thr Gly Ala Phe Trp Gin Thr Trp Lys Asp Phe 

695 700 705 710 
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gag gtc egg cat ggc aat gag gac acc 
Glu Val Arg His Gly Asn Glu Asp Thr 
715 



ate aag gaa atg ctg cgt ate 2214 
He Lys Glu Met Leu Arg He 
720 725 



egg cgc age gtg cag gec acg tac aac acg cag gtc aac ttc atg gec 2262 
Arg Arg Ser Val Gin Ala Thr Tyr Asn Thr Gin Val Asn Phe Met Ala 
730 735 740 



teg cag atg etc aag gtc teg ggc agt gec acg ggc acc gtg tct gac 2310 
Ser Gin Met Leu Lys Val Ser Gly Ser Ala Thr Gly Thr Val Ser Asp 
745 750 755 



ctg gee cct ggg cag agt ggc atg gac gac atg aag ctg ctg gaa cag 2358 
Leu Ala Pro Gly Gin Ser Gly Met Asp Asp Met Lys Leu Leu Glu Gin 
760 765 770 



egg gca gag cag ctg gcg get gag gcg gag cgt gac cag ccc ttg cgc 2406 
Arg Ala Glu Gin Leu Ala Ala Glu Ala Glu Arg Asp Gin Pro Leu Arg 
775 780 785 790 



gec cag age aag ate ctg ttc gtg agg agt gac gec tec egg gag gag 2454 
Ala Gin Ser Lys He Leu Phe Val Arg Ser Asp Ala Ser Arg Glu Glu 
795 800 805 



ctg gca gag ctg gca cag cag gtc aac ccc gag gag ate cag ctg ggc 
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Leu Ala Glu Leu Ala Gin Gin Val Asn Pro Glu Glu He Gin Leu Gly 
810 815 820 

gag gac gag gac gag gac gag atg gac ctg gag ccc aac gag gtt egg 2550 
Glu Asp Glu Asp Glu Asp Glu Met Asp Leu Glu Pro Asn Glu Val Arg 
825 830 835 

ctg gag cag cag age gtg cca gec gca gtg ttt ggg age ctg aag gaa 2598 
Leu Glu Gin Gin Ser Val Pro Ala Ala Val Phe Gly Ser Leu Lys Glu 
840 845 850 

gac tgacccgtcc ctcccccatc ccccctcccc accccctccc caatacagct 2651 

Asp 

855 



acgtttgtac aaaaaaaaaa aaaaaaaaaa aaa 



<210> 2 
<211> 855 
<212> PRT 

<213> Homo sapiens 



2684 



<400> 2 

Met Val Val Met Ala Arg Leu Ser Arg Pro Glu Arg Pro Asp Leu Val 
1 5 10 15 
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Phe Glu Glu Glu Asp Leu Pro Tyr Glu Glu Glu He Met Arg Asn Gin 
20 25 30 

Phe Ser Val Lys Cys Trp Leu Arg Tyr He Glu Phe Lys Gin Gly Ala 
35 40 45 

Pro Lys Pro Arg Leu Asn Gin Leu Tyr Glu Arg Ala Leu Lys Leu Leu 
50 55 60 

Pro Cys Ser Tyr Lys Leu Trp Tyr Arg Tyr Leu Lys Ala Arg Arg Ala 
65 70 75 80 

Gin Val Lys His Arg Cys Val Thr Asp Pro Ala Tyr Glu Asp Val Asn 
85 90 95 

Asn Cys His Glu Arg Ala Phe Val Phe Met His Lys Met Pro Arg Leu 
100 105 110 

Trp Leu Asp Tyr Cys Gin Phe Leu Met Asp Gin Gly Arg Val Thr His 
115 120 125 

Thr Arg Arg Thr Phe Asp Arg Ala Leu Arg Ala Leu Pro He Thr Gin 
130 135 140 

His Ser Arg lie Trp Pro Leu Tyr Leu Arg Phe Leu Arg Ser His Pro 
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145 150 155 160 

Leu Pro Glu Thr Ala Val Arg Gly Tyr Arg Arg Phe Leu Lys Leu Ser 
165 170 175 

Pro Glu Ser Ala Glu Glu Tyr He Glu Tyr Leu Lys Ser Ser Asp Arg 
180 185 190 

Leu Asp Glu Ala Ala Gin Arg Leu Ala Thr Val Yal Asn Asp Glu Arg 
195 200 205 

Phe Val Ser Lys Ala Gly Lys Ser Asn Tyr Gin Leu Trp His Glu Leu 
210 215 220 



Cys Asp Leu He Ser Gin Asn Pro Asp Lys Val Gin Ser Leu Asn Val 
225 230 235 240 

Asp Ala He He Arg Gly Gly Leu Thr Arg Phe Thr Asp Gin Leu Gly 
245 250 255 

Lys Leu Trp Cys Ser Leu Ala Asp Tyr Tyr He Arg Ser Gly His Phe 

260 265 270 



Glu Lys Ala Arg Asp Val Tyr Glu Glu Ala He Arg Thr Val Met Thr 
275 280 285 
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Val Arg Asp Phe Thr Gin Val Phe Asp Ser Tyr Ala Gin Phe Glu Glu 
290 295 300 

Ser Met He Ala Ala Lys Met Glu Thr Ala Ser Glu Leu Gly Arg Glu 
305 310 315 320 

Glu Glu Asp Asp Val Asp Leu Glu Leu Arg Leu Ala Arg Phe Glu Gin 
325 330 335 

Leu He Ser Arg Arg Pro Leu Leu Leu Asn Ser Val Leu Leu Arg Gin 
340 345 350 

Asn Pro His His Val His Glu Trp His Lys Arg Val Ala Leu His Gin 
355 360 365 

Gly Arg Pro Arg Glu He lie Asn Thr Tyr Thr Glu Ala Val Gin Thr 
370 375 380 

Val Asp Pro Phe Lys Ala Thr Gly Lys Pro His Thr Leu Trp Val Ala 
385 390 395 400 

Phe Ala Lys Phe Tyr Glu Asp Asn Gly Gin Leu Asp Asp Ala Arg Val 
405 410 415 



lie Leu Glu Lys Ala Thr Lys Val Asn Phe Lys Gin Val Asp Asp Leu 
420 425 430 
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Ala Ser Val Trp Cys Gin Cys Gly Glu Leu Glu Leu Arg His Glu Asn 
435 440 445 

Tyr Asp Glu Ala Leu Arg Leu Leu Arg Lys Ala Thr Ala Leu Pro Ala 
450 455 460 

Arg Arg Ala Glu Tyr Phe Asp Gly Ser Glu Pro Val Gin Asn Arg Val 
465 470 475 480 

Tyr Lys Ser Leu Lys Val Trp Ser Met Leu Ala Asp Leu Glu Glu Ser 
485 490 495 

Leu Gly Thr Phe Gin Ser Thr Lys Ala Val Tyr Asp Arg lie Leu Asp 
500 505 510 

Leu Arg He Ala Thr Pro Gin He Val He Asn Tyr Ala Met Phe Leu 
515 520 525 

Glu Glu His Lys Tyr Phe Glu Glu Ser Phe Lys Ala Tyr Glu Arg Gly 
530 535 540 

He Ser Leu Phe Lys Trp Pro Asn Val Ser Asp He Trp Ser Thr Tyr 
545 550 555 560 

Leu Thr Lys Phe He Ala Arg Tyr Gly Gly Arg Lys Leu Glu Arg Ala 
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565 570 575 

Arg Asp Leu Phe Glu Gin Ala Leu Asp Gly Cys Pro Pro Lys Tyr Ala 
580 585 590 

Lys Thr Leu Tyr Leu Leu Tyr Ala Gin Leu Glu Glu Glu Trp Gly Leu 
595 600 605 

Ala Arg His Ala Met Ala Val Tyr Glu Arg Ala Thr Arg Ala Val Glu 
610 615 620 

Pro Ala Gin Gin Tyr Asp Met Phe Asn He Tyr He Lys Arg Ala Ala 
625 630 635 640 

Glu He Tyr Gly Val Thr His Thr Arg Gly He Tyr Gin Lys Ala He 
645 650 655 

Glu Val Leu Ser Asp Glu His Ala Arg Glu Met Cys Leu Arg. Phe Ala 
660 665 670 

Asp Met Glu Cys Lys Leu Gly Glu He Asp Arg Ala Arg Ala He Tyr 
675 680 685 



Ser Phe Cys Ser Gin He Cys Asp Pro Arg Thr Thr Gly Ala Phe Trp 
690 695 700 
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Gin Thr Trp Lys Asp Phe Glu Val Arg His Gly Asn Glu Asp Thr He 
705 710 715 720 

Lys Glu Met Leu Arg He Arg Arg Ser Val Gin Ala Thr Tyr Asn Thr 
725 730 735 

Gin Val Asn Phe Met Ala Ser Gin Met Leu Lys Val Ser Gly Ser Ala 
740 745 750 

Thr Gly Thr Val Ser Asp Leu Ala Pro Gly Gin Ser Gly Met Asp Asp 
755 760 765 

Met Lys Leu Leu Glu Gin Arg Ala Glu Gin Leu Ala Ala Glu Ala Glu 
770 775 780 

Arg Asp Gin Pro Leu Arg Ala Gin Ser Lys He Leu Phe Val Arg Ser 
785 790 795 800 

Asp Ala Ser Arg Glu Glu Leu Ala Glu Leu Ala Gin Gin Val Asn Pro 
805 810 815 

Glu Glu He Gin Leu Gly Glu Asp Glu Asp Glu Asp Glu Met Asp Leu 
820 ' 825 830 



Glu Pro Asn Glu Val Arg Leu Glu Gin Gin Ser Val Pro Ala Ala Val 
835 840 845 
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Phe Gly Ser Leu Lys Glu Asp 
850 855 
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